Rectangular Waveguide HOM Couplers for a TESLA Superstructure by Blednykh, A. et al.
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$EVWUDFW
6RPHPRGLILFDWLRQVRID5HFWDQJXODU:DYHJXLGH+20
FRXSOHUV IRU 7(6/$ VXSHUVWUXFWXUH KDYH EHHQ
LQYHVWLJDWHG 7KHVH 5:* +20 FRXSOHUV DUH WR EH
LQVWDOOHG EHWZHHQ WKH FDYLWLHV RI WKH VXSHUVWUXFWXUH DQG
DOVRDWWKHERWKHQGVRILW:HLQYHVWLJDWHGD5:*+20
FRXSOHU DWWDFKHG WR WKH EHDP SLSH WKURXJK WKH VORWV
RULHQWDWHG DORQJ EHDP SLSH D[LV ORQJLWXGLQDO VORWV
SHUSHQGLFXODU WR LW D]LPXWDO VORWV DQG DW VRPH DQJOH WR
WKLVD[LV)RUGLSROHPRGHVRIERWKSRODUL]DWLRQVGDPSLQJ
WZR5:*LQHYHU\GHVLJQZHUHXVHG7KLVSDSHUSUHVHQWV
WKHUHVXOWVREWDLQHGIRUVFDOHGXSVHWXSDW*+]DWURRP
WHPSHUDWXUH 7KH DGYDQWDJHV RI +20 FRXSOHU ZLWK
ORQJLWXGLQDOVORWVIRUGDPSLQJGLSROHPRGHVDQGFRPSDFW
+20 FRXSOHU ZLWK VORWV DW VRPH DQJOH WR WKH D[LV DUH
VKRZQ $UUDQJHPHQW RI +20 FRXSOHU LQ FU\RVWDW DQG
KHDWLQJ GXH WR +20 DQG )0 ORVVHV DUH SUHVHQWHG
&DOFXODWLRQVDQGGHVLJQRI WKH IHHGLQJ5:*FRXSOHU IRU
VXSHUVWUXFWXUHDUHDOVRSUHVHQWHG
,1752'8&7,21
:H KDYH FKRVHQ IRU PRFNXS RI VXSHUVWUXFWXUH WKH
RSHUDWLRQDO IUHTXHQF\ *+] LQVWHDG RI *+] LQ
RUGHU WRUHGXFH LWVGLPHQVLRQV7KLV OHG WR VFDOLQJ IDFWRU
.VFO  $OVRWKH GLPHQVLRQV RI DOO FHOOV H[FHSW HQG
RQHV ZHUH GHFUHDVHG LQ  WLPHV DV FRPSDUHG ZLWK
7(6/$ GLPHQVLRQV [] (QG FHOOV LULV GLDPHWHUV ZHUH
PPPPDW*+]DQGPPPPDW
*+]
:HKDYHH[DPLQHGLQ>@DYDULDQWRIVHWXSFRQVLVWLQJ
RI)XQGDPHQWDO0RGH )0FRXSOHUEHWZHHQ VXEFDYLWLHV
DQG +20 FRXSOHU RI WKUHH 5:*V FRXSOHG WKURXJK
D]LPXWKDO VORWVZLWK EHDPSLSH 6XFK+20 FRXSOHU KDV
DSSHDUHG WR EH LQHIILFLHQW IRU GLSROH PRGHV GDPSLQJ
,QVWHDG RI LW DQRWKHU YDULDQW ZDV SURSRVHG KDYLQJ )0
FRXSOHU DWWDFKHG WR D EHJLQQLQJ RI VXSHUVWUXFWXUH DQG
+20 GHYLFH RI WZR 5:*VZLWK VORWV RULHQWDWLRQ DORQJ
WKHEHDPSLSH D[LV7KLV+20FRXSOHU LV SUHIHUDEOH IRU
GLSROHPRGHVGDPSLQJEXW LWVGLVDGYDQWDJH LVGXH WR WKH
LQVXIILFLHQW SODFH IRU DQ 5:* SODFHPHQW EHWZHHQ WZR
VXEFDYLWLHV DQG LW FDQ EH PRXQWHG RQO\ DW WKH HQGV RI
VXSHUVWUXFWXUH 7KH GHYLFH ZLWK WKH FRXSOLQJ VORWV
UHYROYHG WRVRPHDQJOHIURPEHDPSLSHD[LV LV WKHPRUH
VXLWDEOH IRU +20 GDPSLQJ GHYLFH EHWZHHQ WKH
VXEFDYLWLHV 7KH UHMHFWHU ILOWHU ZDV XVHG IRU WKH
RSHUDWLRQDO PRGH SHQHWUDWLRQ SUHYHQWLQJ WKURXJK WKLV
GHYLFH
 7+(7(6702'8/(
:H KDYH FRQVLGHUHG 5:* )0 FRXSOHU GHVLJQ LQ WKH
EHJLQQLQJ RI WZR VXEFDYLWLHV FRXSOHG WKURXJK WKH EHDP
SLSH KDYLQJ WKH GLDPHWHU  PP VHH )LJ )0
FRXSOHUFRQVLVWHGRI×PP5:*VKRUWFLUFXLWHG
DWWKHRQHHQGDQGFRXSOHGWRWKHFDYLW\E\WKHEHDPSLSHV
ZLWK GLDPHWHU  PP $ VKRUWFLUFXLWV FRQVLVW RI
F\OLQGULFDO VXUIDFHV ZLWK GLDPHWHU  PP DQG WZR
SODQHVXUIDFHV WDQJHQWLDO WR WKH ODWWHU VHH)LJ'XULQJ
WKHFDOFXODWLRQVGRQH WRREWDLQ WKHGHVLUHGYDOXHRI4H[W
ZH FKDQJHG DQ DQJOH EHWZHHQ WZR SODQH VXUIDFHV DQG
SRVLWLRQ RI )0 FRXSOHU =/& 7KH UHVXOWV RI WKHVH
FDOFXODWLRQVDUHSUHVHQWHGDW)LJ
)LJXUH7(6/$6EDQGWHVWPRGXOH+20
FRXSOHUVFDYLWLHV)0FRXSOHU
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)LJXUH)0FRXSOHUZLWK+20GDPSHU
,W LV NQRZQ WKDW IUHTXHQF\ VFDOLQJ GRHV QRW DIIHFW RQ
H[WHUQDOTXDOLW\IDFWRU4H[WDQGLQFDVHRI×FHOOVFDYLW\
DQGDOVR[FHOOV LWPXVWEHHTXDO4H[W × >@
,Q WKH FDVH RI XVHG IRU FDOFXODWLRQV PRGHO FRQFLVWHG RI
RQH FHOO FRXSOHG ZLWK WKH 5:* FRXSOHU 4H[W PXVW EH

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)LJXUH4H[WYV=/&DQGα
)RUWKH+20GDPSLQJZHKDYHFRQVLGHUHGWZR5:*V
RI [ PP FURVVHFWLRQ FRXSOHG ZLWK WKH EHDP SLSH
GLDPHWHUPPWKURXJKWKHVORWVDORQJEHDPSLSHD[LV
VHH  DW )LJ 'LSROH +20V H[FLWHG LQ WKH FDYLW\
FUHDWHV +OLNH ILHOGV LQ WKH EHDP SLSHV FRQQHFWLQJ
VXEFDYLWLHV)RU WKLVEHDPSLSHPRGH WKH UDWLR+]PD[DQG
+ϕPD[FRPSRQHQWVLVPRUHWKHQLQZLGHIUHTXHQF\UDQJH
DQG ZLGH VLGHV RI WKH UHFWDQJXODU ZDYHJXLGHV PXVW EH
RULHQWDWHG DORQJ WKH EHDP SLSH 5:*V LQ WKLV FRXSOHU
KDYHDVWURQJFRXSOLQJZLWKGLSROHPRGHVSURYLGHVWURQJ
+20 GDPSLQJ ZLWK QR FRXSOLQJ ZLWK WKH IXQGDPHQWDO
PRGHDQGRWKHUPRQRSROHPRGHV
%XW IRU WKLV FRQVWUXFWLRQ ZLWK ORQJLWXGLQDO VORWV LW LV
GLIILFXOWWRLQVWDOOWKH5:*EHWZHHQWZRFDYLWLHVEHFDXVH
WKHEHDPSLSHLVVKRUWHUWKDQZLGH5:*ZDOO7KHUHIRUH
ZHKDGWRXVHZDYHJXLGHWUDQVLWLRQRUWKHFRQVWUXFWLRQRI
WZRUHFWDQJXODUZDYHJXLGHVZLWKGLPHQVLRQV[PP
DQGWKHVORWVURWDWHGE\VRPHDQJOHLQUHVSHFWWRWKHEHDP
SLSHD[LVVHHDW)LJ
 7+(+,*+25'(502'(6
,19(67,*$7,216
,QRUGHU WR UHVWULFW WKHPXOWLEXQFK SKHQRPHQD GXH WR
ZDNHILHOGV WKHKLJKHURUGHUPRGHVRI WKH7(6/$FDYLW\
PXVW EH GDPSHG GRZQ WR WKH FHUWDLQ4H[W OHYHO RI  
7KHVH4H[WPHDVXUHGLQ6IUHTXHQF\EDQGPXVWEHWKH
VDPHDV4H[WLQ7(6/$IUHTXHQF\EDQG
:HKDYHGHWHUPLQHGWKH4H[WIRUGLIIHUHQW5:*+20
FRXSOHU XVLQJ WKH UHVXOWV RI TXDOLW\ IDFWRUPHDVXUHPHQWV
IRU WKH WZR FDYLWLHV ZLWK EHDP SLSH DQG ZLWKRXW +20
FRXSOHU4 DQGZLWK+20FRXSOHU4 7KH H[WHUQDO4
IDFWRUPD\EHFDOFXODWHGQRZIURP
4H[W 4444
7KH UHVXOWV RI PHDVXUHPHQWV XVLQJ RI EHDG SXOOLQJ
WHFKQLTXHIRUDOO WKUHH+20FRXSOHUVDUHVXPPDUL]HG LQ
7DEOHDQG7DEOH7KHDVWHULVNPDUNV WKRVH+20V
IRUZKLFK4 4'DVKGHVLJQDWHVDEVHQFHRIH[FLWDWLRQDW
WKHDSSURSULDWH+20FRXSOHUSUHVHQFH
 5:*+20&283/(56,17(6/$
&5<267$7
:H FRQVLGHUHG WKH SRVVLELOLW\ WR DUUDQJH WKH 5:*
+20FRXSOHULQ7(6/$FU\RVWDW[]7KUHH5:*+20
FRXSOHUVDUHVKRZQLQ)LJ7KLVFRXSOHUFRQVLVWVRIWZR
×PP 5:*V IRU GLSROH +20V DQG ×PP
5:* IRU PRQRSROH RQHV 7R GHFUHDVH ORQJLWXGLQDO
GLPHQVLRQ ZH XVH WDSHUHG ZDYHJXLGH WUDQVLWLRQV IURP
PP WR PP DQG IURP PP WR PP $OO
WUDQVPLVVLRQV KDYH PP OHQJWK 7KH ORQJLWXGLQDO
SRVLWLRQ RI [PP 5:* ZDV FKRVHQ GXH WR
IROORZLQJ UHDVRQ 7KH ORZHVW GLSROH +20 H[FLWHV +
OLNH HOHFWURPDJQHWLF ILHOG LQ WKH EHDP SLSH WXEH $W WKH
IUHTXHQFLHVRI WKHVH+20V WKH UDWLR+]+ϕ   
7KXV+]FRPSRQHQWRIWKHPDJQHWLFILHOGSURYLGHVVWURQJ
FRXSOLQJRIORZHVWGLSROH+20VZLWK+PRGHLQ5:*
)LJVKRZV5:*VORFDWLRQLQWKHFU\RVWDW7KHLQLWLDO
SDUWRIHDFK5:*RIPPOHQJWKIURPEHDPSLSHWXEH
WR IODQJH LV PDGH RI 1E DQG LV VXSHUFRQGXFWLQJ .
7KH ILQDO SDUW RI HDFK 5:* LV PDGH RI VWDLQOHVV VWHHO
FRYHUHGE\FRSSHU7KHZDOOWKLFNQHVVRIODWWHUSDUWHTXDOV
 PP DQG KDV WKH OHQJWK RI DERXW  P 7KHVH
ZDYHJXLGHV DUH WHUPLQDWHG E\ WKHPDWFKHG ORDGV ZKLFK
KDYH.WHPSHUDWXUH
$QRWKHUYDULDQWKDVWZR5:*+20FRXSOHUVKDYHLWV
5:*VURWDWHGWKURXJK,WUHGXFHVWKHORQJLWXGLQDO
5:*VL]HDQGSHUPLWVFRXSOLQJZLWKERWKPRQRSROHDQG
GLSROH+20VLQFOXGLQJIXQGDPHQWDOPRGH7RUHGXFHWKH
FRXSOLQJ ZLWK IXQGDPHQWDO PRGH ZH XVHG QDUURZ
IUHTXHQF\ EDQG UHMHFWLRQ ILOWHU WXQHG RQ UHVRQDQFH ZLWK
IXQGDPHQWDOPRGHILHOGV
7KH FDOFXODWLRQ UHVXOWV RI KHDW ORDGLQJ IRU WKHVH WZR
YDULDQWVDUHSUHVHQWLQ7DEOH
&21&/86,21
7KH 5:* +20 FRXSOHU ZLWK ORQJLWXGLQDO VORWV
SURYLGHUDWKHUVWURQJFRQQHFWLRQZLWKGLSROHPRGHVRIWKH
VXEFDYLW\%HVLGHVWKLVFRXSOHUGRHVQRWQHHGWKHUHMHFWLRQ
ILOWHUZKLFK LV UHTXLUHG E\ WKH FRD[LDO+20 FRXSOHU WR
DYRLGWKHGDPSLQJRIWKHIXQGDPHQWDOPRGH
5()(5(1&(6
>@ &RQFHSWXDO'HVLJQRID*H9HH/LQHDU&ROOLGHUZLWK ,QWHJUDWHG ;UD\ /DVHU )DFLOLW\ '(6< (&)$YRO>@ 136REHQLQ HW DOO ³6RPH5HVXOWV RI ,QYHVWLJDWLRQ D+20 GDPSLQJ LQ 7(6/$ &DYLW\ 0RGHO 8VLQJ D5HFWDQJXODU :DYHJXLGH &RXSOHU´ 9,,, :RUNVKRS/LQHDU&ROOLGHU/&¶>@ -%RVWHU0'RKOXV9.DOMX]KQ\ DW DOO5HFWDQJXODU:DYHJXLGH &RXSOHU IRU WZR 7(6/$ 6XSHUFDYLWLHV'(6<7(6/$>@ &3DJDQLHWDOO³)XUWKHULPSURYHPHQWVRIWKH7(6/$WHVW IDFLOLW\FU\RVWDW LQYLHZRI WKH7(6/$FROOLGHU´&U\RJHQLF HQJLQHHULQJ FRQIHUHQFH&DQDGD -XO\ 
7DEOH&RPSDULVRQ5:*+20FRXSOHUV
4H[WFrequency, MHz HOM coupler type.
+2
0
0RGHO 7(6/$
4
[
 ⊥
D[E
 
[
P
P
,,
D[E
 
[
P
P
VHH
)L
J
⁄⁄
D[E
 
[
P
P
VHH
)L
J
     
     
     
     
    
    
     
     
     
+ 

     
     
     
     
     
     
     
     
     
     
     
     
     
? 

     
7DEOH&RPSDULVRQ5:*+20FRXSOHUVIRU(PRGH
__ D[E
 

[
P
P
VHH
)L
J

⊥ D[E
 

[

PP
__
⊥
_
_
__D
[E 

[
P
P
⊥
D[
E 

[

PP
)F+] 4[
4/
[

4H[W
[
4/
[
4H[W
[
4/
[
4H[W
[
       
       
       
       
       
       
       
       
       
7DEOH+HDWORDGLQJRI.UHJLRQSHU×FHOOV
VXSHUVWUXFWXUH
9H
UVL
RQ
5:
*G
LP
HQV
LRQ
V
D[E
[W
P
P
1R
QVX
SHU
FRQ
GX
FWL
QJ
5:
*O
HQJ
WK
P
P
6WD
WLF
OR
VVH
VS
HU
RQ
H
5:
*
→
.
P
:
)X
QG
DP
HQW
DOP
RG
HOR
VVH
V
SHU
RQ
H5
:*
P
:
1X
PE
HU
RI
5:
*V
/R
VVH
VS
HU
VXS
HUV
WUX
FWX
UH
P:
[[    [ [[    [ 
 [[    [ 
 
%%


$
$
R

$$
%
%

 


D E
)LJXUH7KUHH5:*+20FRXSOHUORFDWLRQVLQWKHFU\RVWDW
